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EUROPEAN SCENARIO STUDIES ON FUTURE  
IN-STREAM NUTRIENT CONCENTRATIONS 
K. Reder,  I. Bärlund,  A. Voß,  E. Kynast,  R. Williams,  O. Malve,  M. Flörke 
ABSTRACT. Large-scale water quality issues have recently become the focus of policy and research. To gain insight into 
large-scale water quality issues, a scenario analysis was carried out for Europe using the continental water quality model 
WorldQual with total nitrogen and phosphorus as example pollutants. Future nitrogen and phosphorus loadings and in-
stream concentrations were simulated for an “economy first” scenario and compared to contemporary conditions. Results 
indicate that future total nitrogen (TN) loadings are likely to decrease in most parts of central Europe by 5 to 25 kg ha-1 
year-1 due to land-use change in the form of reduced cropland area as a result of technological changes, as well as im-
provements in land-use management based on higher efficiencies of application rates. Climate change has less impact on 
TN loadings, but an increase of future in-stream concentrations is accompanied by reduced river discharge. Future total 
phosphorus (TP) loadings are similar to contemporary loadings for all of Europe. In-stream TP concentrations do not 
change in northern and eastern Europe. In central Europe, concentrations increase little (by one class). In a few regions, 
such as northern Spain, very high changes (up to more than three classes) are apparent as a result of reduced river dis-
charge. 
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lobal-scale water-related problems are an issue 
that has frequently been discussed in the area of 
research and policy during the past decades, 
mainly focusing on water quantity (Kasten and 
Khaka, 2009). Knowledge about future global water quanti-
ty and its change is essential for many regions in planning 
their water demands and management. In addition, even if 
water resources are available, they have to fulfill certain 
water quality standards to serve their purpose. As water 
research and water policy issues have gained global signifi-
cance, there is a need to study water quality issues from a 
large-scale perspective, which is usually done by taking 
samples. However, taking samples that cover large regions, 
such as Europe, is very expensive in time and money. A 
common way to overcome these issues is to use a model 
that can identify hotspots of high concentrations. This in-
formation is then useful to focus sampling on regions that 
are highly contaminated. However, large-scale water quali-
ty modeling is still an issue that has received little attention. 
While a few large-scale models exist that estimate current 
and future pollutant loadings (Behrendt et al., 2002; Green 
et al., 2004; Grizzetti and Bouraoui, 2006; Seitzinger et al., 
2002), only Arheimer et al. (2012) calculated in-stream 
concentrations. The studies by Behrendt et al. (2002), 
Green et al. (2004), and Grizzetti and Bouraoui (2006) fo-
cused on historic and/or contemporary simulations of nutri-
ent loadings and investigated the impact of sources contrib-
uting to total nutrient loads in rivers. Green et al. (2004) 
analyzed the flux of nitrogen loadings toward the river 
mouth. Seitzinger et al. (2002) compared three different 
scenarios in order to estimate future nitrogen loadings: a 
business-as-usual scenario (BAU), a changes in fertilizer 
use and human diet scenario (DIET), and a change in depo-
sition rates scenario. Results of the BAU scenario were that 
N inputs would increase from 21 Tg N year-1 in 1990 to 47 
Tg N year-1 in 2050. In the DIET scenario, N inputs to the 
north Atlantic Ocean and the Baltic Sea were reduced. 
Arheimer et al. (2012) modeled the nitrogen and phos-
phorous loads and concentrations that reached the Baltic Sea 
between 1971-2000 and 2071-2100. The authors considered 
four different climate emission scenarios forcing four differ-
ent global circulation models (GCMs) and discovered a very 
high uncertainty within the model ensemble because of the 
different climate projections. Despite these findings, the ni-
trogen and phosphorus loadings did not undergo any rapid 
changes in the scenarios. 
At the catchment scale, Bouraoui et al. (2002) analyzed 
the impact of climate change on nutrient loadings in 2020, 
2050, and 2080. They used four, but focused on two, dif-
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ferent climate scenarios and concluded that nutrient load-
ings increased over the years, but seasonal differences were 
predominant. 
Research at the catchment scale is not limited to Europe. 
Further studies have investigated the impact of climate 
change on nutrient loadings, such as Murdoch et al. (2000) 
in the U.S. and Ngcobo et al. (2012) in South Africa. An 
extensive review of studies at the catchment scale that ana-
lyze the impact of climate change on nutrients can be found 
in Delpla et al. (2009). 
Stakeholders and policymakers in charge of long-term 
strategic planning of European water resource development 
are interested in answering complex questions about the 
future of Europe’s freshwater resources, both in quan-
titative and qualitative terms. In order to estimate future 
conditions of Europe’s freshwater resources, scenarios are 
needed to describe future climate and socio-economic de-
velopments. Thus, in the EU-FP6 project SCENES (Water 
Scenarios for Europe and for Neighboring States), the “sto-
ry and simulation” approach was applied to generate a set 
of comprehensive scenarios up to 2050 in a participatory 
stakeholder process (Kämäri et al., 2008). Within our study, 
a modeling framework was set up to assess future impacts 
of climate and land-use change on future in-stream water 
quality by considering diffuse and point sources. Both cli-
mate and land-use changes are considered important, which 
is also acknowledged by the IPCC (2003). In its report, the 
IPCC stated that the load of agricultural inputs is most like-
ly to be affected by climate change because a changing 
climate may alter agricultural practices. 
This article builds on the findings from the SCENES 
project. We assess changes in total nitrogen and total phos-
phorous loadings and concentrations in European rivers for 
the 2050s, taking into account climate and land-use chang-
es. Several model simulations were carried out on the Eu-
ropean scale to (1) identify future hotspot regions and (2) 
analyze the impact of climate and land-use changes with 
respect to diffuse and point loadings. Within this context, 
two additional model experiments were carried out to iden-
tify the sensitivity of the loadings and the in-stream con-
centrations to climate and land-use changes. 
MATERIAL AND METHODS 
THE WORLDQUAL MODEL 
The global model WaterGAP3 comprises three different 
submodels to simulate current and future conditions of 
freshwater resources: a hydrology model (Alcamo et al., 
2003; Verzano, 2009; Schneider et al., 2011), a water use 
model (Aus der Beek et al., 2010; Flörke et al., 2013), and 
the water quality model WorldQual (Malve et al., 2012; 
Voß et al., 2012; Williams et al., 2012). Figure 1 gives an 
overview of the model framework and shows the interac-
tions between the three submodels. As this article focuses 
on water quality issues, only the WorldQual model is de-
scribed in more detail. WorldQual is a large-scale water 
quality model that calculates loadings and in-stream con-
centrations based on the output of the hydrology and water 
use models. Overall, the model operates on a grid resolu-
tion (cell size) of 5 arc minutes and on a monthly basis. In a 
first step, loadings are accumulated for each grid cell. With-
in the model, loadings from point and diffuse sources are 
distinguished. Point sources include domestic sewage, 
wastewater from manufacturing industries, and urban sur-
face runoff. Diffuse sources comprise agricultural inputs 
and geogenic background emissions. Additionally, scattered 
settlements are considered and contribute to both types of 
sources. 
The estimation of point-source loadings is described in 
detail by Williams et al. (2012). In general, loads from the 
domestic sector are calculated by multiplying a per capita 
emission factor by the urban and rural populations connect-
ed to sewage treatment plants (STPs). The loads are further 
reduced depending on the level of wastewater treatment. 
National values for percentages of primary, secondary, ter-
tiary wastewater treatment of STPs are downscaled to the 
grid-cell level to define a cell-specific reduction rate. Loads 
Figure 1. WaterGAP3 with its three submodels: the hydrology model, the water use model, and the water quality model WorldQual. WorldQual 
distinguishes point sources (domestic and manufacturing wastewater, urban surface runoff, scattered settlements) and diffuse sources (agricul-
tural inputs, geogenic background, scattered settlements). 
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of scattered settlements are calculated like those of the do-
mestic sector, but the approach considers only the share of 
population not connected to STPs. In this case, a secondary 
treatment level and the respective reduction rates are as-
sumed. Manufacturing loadings are calculated by the aver-
age raw effluent concentration multiplied by the return flow 
from manufacturing industries. Here again, the manufactur-
ing load is also reduced by a cell-specific reduction factor 
depending on the treatment level. The urban load is calcu-
lated similar to the manufacturing load by multiplying the 
typical event mean concentration by the urban runoff. 
The calculation of diffuse loadings follows the method-
ology of Malve et al. (2012) in which an export coefficient 
is estimated by linear regression analysis. For both TN and 
TP, the runoff, number of livestock, and lake area are part 
of the regression equation. Additionally, cropland area for 
TN and slope for TP were added to this modeling approach. 
The result of the regression was that changes in runoff have 
the greatest impact on diffuse loadings. 
In a second step, each river segment receives a propor-
tion of the calculated load depending on the river discharge 
(Voß et al., 2012), which leads to an initial in-stream con-
centration that is further reduced by a temperature-
dependent decay process (Thomann and Mueller, 1987). 
Grid cell concentrations are routed and accumulated toward 
the river mouth following a high-resolution drainage direc-
tion map (Lehner et al., 2008). 
For visualization purposes, the concentrations are divid-
ed into seven concentration classes (table 1) that are de-
rived from the chemical classification as elaborated by the 
German Working Group of the Federal States on Water 
Issues (LAWA, 2010). We selected this classification sys-
tem to highlight changes in concentration all over Europe, 
i.e., mapping very low to very high concentrations. Work-
ing with absolute or relative changes instead would have 
resulted in too many classes and too many colors for visual-
ization. 
WorldQual was validated for BOD and TDS by Voß et al. 
(2012) and for TN and TP by Malve et al. (2012). Figure 2 
shows the fit of simulated to measured in-stream TN and TP 
concentrations for several European rivers for the time peri-
od 1998 to 2002. Five-year means of measured and simulat-
ed in-stream concentrations were chosen because some input 
data, e.g., connection to STPs, were only available as five-
year averages. Overall, the model outcomes better represent 
TP concentrations compared to TN, where the model agree-
ment is slightly lower. TN concentrations are mainly under-
estimated, especially for the Mosel, Rhine, Danube, and 
Thames. The simulated in-stream TP concentrations are in 
good agreement with the measured data, although some riv-
ers are underestimated (Mosel and Rhine) or overestimated 
(Seine, Oder, and Vistula). 
INPUT DATA 
River discharge is the main hydrological input for 
WorldQual, next to urban runoff and flow velocity. The 
hydrological input for the baseline as well as future projec-
tions was generated as monthly time series with the hydrol-
ogy model WaterGAP3 (Verzano et al., 2012). Several pa-
rameters are necessary to calculate point loads of the base 
year: per capita emission factors, population density, con-
nection rates to STPs, pollutant-specific removal rates, typ-
ical rain event mean concentration, and industrial raw ef-
fluent concentration, as described by Williams et al. (2012). 
To calculate diffuse loads, the river discharge, number of 
livestock, cropland area, slope steepness, and lake area are 
presented by Malve et al. (2012). For estimation of in-
stream concentrations, the water temperature, decay rates at 
20°C, and a temperature correction coefficient are manda-
tory (Malve et al., 2012; Voß et al., 2012). The values for 
these parameters are stated in the corresponding references. 
CLIMATE DATA 
For the baseline, the climate input, including monthly 
information on precipitation and temperature, covered the 
time period 1961-1990. A combination of the datasets CRU 
TS 2.1 (Mitchell and Jones, 2005) and CRU TS 1.2 (Mitch-
Table 1. Concentration classes from the LAWA for TN and TP. 
Class TN (mg L-1) TP (mg L-1) 
1 ≤1 ≤0.05 
2 ≤1.5 ≤0.08 
3 ≤3 ≤0.15 
4 ≤6 ≤0.3 
5 ≤12 ≤0.6 
6 ≤24 ≤1.2 
7 >24 >1.2 
Figure 2. Comparison of measured and simulated five-year average in-stream concentrations for selected European rivers from 1998 to 2002 for 
(a) total nitrogen and (b) total phosphorus (n = sample size). 
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ell et al., 2004) was used because the CRU TS 1.2 dataset, 
which has a higher spatial resolution (10 arc minutes) than 
CRU TS 2.1 (30 arc minutes), covers only the predominant 
part of Europe. In order to get information for grid cells 
that were not covered by CRU TS 1.2, the CRU TS 2.1 
dataset was applied. Both datasets were simply downscaled 
to grid cells of 5 arc minutes. In SCENES, results from two 
different GCMs were used following the IPCC SRES A2 
pathway (Nakicenovic and Swart, 2000) in order to take 
climate change into account. The analysis presented here 
considered climate data from only one GCM. We selected 
the climate forcing from the IPSL-CM4 model from the 
Institute Pierre Simon Laplace, France (Hourdin et al., 
2006; Madec et al., 1998; Fichefet and Morales Maqueda, 
1997; Goosse and Fichefet, 1999), indicating high tempera-
ture increase together with low change in precipitation (in-
crease or decrease) over large parts of Europe. Future cli-
mate projections are produced for WaterGAP3 by scaling a 
standard gridded dataset of mean monthly precipitation and 
temperature from the CRU time series with the differences 
between current and future conditions as computed by the 
climate models (delta change approach, e.g., Henrichs and 
Kaspar, 2001; Lehner et al., 2006). Air temperature data are 
scaled by addition, and precipitation data are scaled by 
multiplication. An exception to this rule occurs when pre-
sent-day precipitation is close to zero (<1 mm); in that case, 
the respective precipitation rise is added. 
SCENES SOCIO-ECONOMIC AND  
LAND-USE CHANGE SCENARIOS 
Within SCENES, comprehensive scenarios were devel-
oped in a participatory stakeholder process (Kok et al., 
2011) and include consistent projections of the main driv-
ers, such as population, GDP, agricultural production, as 
well as information on technological developments until 
2050. In this study, we address the “economy first” (EcF) 
scenario, which is characterized by a globalized and liberal-
ized economy pushing the use of all available energy 
sources and accompanied by an agricultural intensification. 
A further increase of population by 8.5% (67.5 million 
people) is projected for Europe between 2005 and 2050 
under the EcF scenario, accompanied by economic activity 
that continues to grow over the whole scenario period, re-
sulting in a twofold growth in GDP. In this scenario, a de-
crease in agricultural subsidies leads many farmers to 
abandon their farms where lack of water or infertility of 
soils makes crop production uneconomical. On the other 
hand, the demand for food exports leads to an intensifica-
tion of crop production on the most productive land. At the 
same time, low water-saving consciousness results in an 
increased water demand for all water-related sectors. 
Future point loads were derived by asking the expert 
panel to imagine how the model drivers would change for 
each scenario. The important drivers were per capita emis-
sions, population change, changes in the percentage of the 
population connected to sewage treatment works, and 
changes in the effectiveness of sewage treatment. The 
emission factors were influenced by diet for nitrogen and 
by removal of phosphorus from detergents used in clothes 
washing. 
Land-use change scenarios were calculated with Land-
SHIFT (Schaldach et al., 2012) driven by the information 
obtained during the participatory scenario development 
process. The baseline land-use map of LandSHIFT is based 
on the Corine 2000 data base (EEA, 2007) for the EU-27 
countries. Land-use data for the remaining European coun-
tries were taken from Heistermann (2006), who provided a 
crop-specific version of the GLCC land-use map. 
In addition to the EcF scenario, two more simulation ex-
periments were analyzed: (1) the EcF scenario with base-
line climate conditions (EcF_cb), and (2) the EcF scenario 
with baseline land-use (EcF_lub). With these two experi-
ments, analysis of climate change and land-use impacts is 
possible. 
RESULTS AND DISCUSSION 
Figure 3 illustrates total nitrogen (fig. 3a) and total 
phosphorus (fig. 3b) loadings for Europe as calculated for 
the base year (2005). TN loadings are higher in southern, 
western, and eastern Europe and western Asia, with 10 to 
>30 kg ha-1 year-1. Hotspots of TN loading with >30 kg ha-1 
year-1 occur in western Europe. In general, TP loadings are 
similar over all of Europe, mainly ≤1 kg ha-1 year-1, and 
only urban areas show point-shaped hotspots up to >30 kg 
ha-1 year-1. 
TOTAL NITROGEN 
Figure 4a displays the difference between the baseline 
(fig 3a) and the EcF scenario for total nitrogen in 2050. The 
highest increases (>25 kg ha-1 year-1) primarily occur due to 
changes in the domestic sector. Some areas in the outer 
parts of Europe also display increased TN loadings of 5 to 
25 kg ha-1 year-1 because of changes in the manufacturing 
sector. 
Most evident is that southern, western, and eastern Eu-
rope as well as western Asia experience a decrease in TN 
loadings between 5 and 25 kg ha-1 year-1. This decrease has 
the following causes. Changes in land-use management 
according to the EcF scenario mean that nutrient applica-
tions are optimized to meet plant uptake to reduce costs, 
and loss of nutrients is minimized. Additionally, only areas 
that are economically viable to be cultivated are used for 
intensified agriculture, and arable land is abandoned where 
crop production is not economical. Both developments lead 
to an increase in set-aside areas over large parts of Europe. 
Figure 4b demonstrates the results of future diffuse ni-
trogen loadings as absolute changes to the baseline condi-
tions. The main reductions and increases are in the same 
regions as for TN loadings (fig. 4a). This shows that TN 
loadings are dominated by diffuse sources resulting from 
the agricultural sector. Hence, land-use change and im-
provement in management of agricultural land contribute 
the most to a change in loadings. 
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To analyze the impact of climate change on TN load-
ings, simulations for the EcF_cb experiment were carried 
out. The EcF_cb simulation is the same as EcF except for 
climate, which is kept constant to the baseline (1971-
2000) (fig. 5a). A comparison between EcF_cb and EcF 
(fig. 4a) does not show any apparent differences, suggest-
ing that, over this time scale, climate change likely has 
little impact on future nitrogen loadings in this scenario. 
The TN loadings show a different spatial distribution 
when comparing the EcF_lub simulation experiment with 
the EcF scenario (fig. 5b). In contrast to the EcF scenario, 
the EcF_lub experiment is forced by baseline land-use. 
The change in loading differs between regions. In north-
ern and central Europe, no changes in loadings compared 
to the baseline are visible for the 2050s. In eastern Europe 
and western Asia, loadings are reduced by -5 to -25 kg ha-
1 year-1, which is presumably due to the spread of new 
technologies, such as wastewater treatment. On the con-
trary, loadings increase in some areas of western Europe 
as a result of socio-economic changes in the domestic and 
manufacturing sectors. Principally, EcF_lub caused small 
changes over most of Europe. This is very different from 
EcF (fig. 4a), in which central Europe experiences large 
reductions in future TN loadings. The only difference be-
tween these two model experiments is the assumption of 
land-use changes, suggesting that land-use change has a 
relatively large impact on the spatial distribution of future 
TN loadings in this EcF scenario. 
This finding is in accordance with the results of the 
DIET scenario published by Seitzinger et al. (2002). The 
DIET scenario assumes reductions in human consumption 
of animal protein, reducing fertilizer use. As a result, ni-
trogen inputs to the north Atlantic Ocean and the Baltic 
Sea are reduced by 25% to 10% in 2050 compared to the 
baseline 1990. 
Arheimer et al. (2012) investigated the nutrient exports 
to the Baltic Sea. Results for nitrogen show a slight de-
crease of loads because of climate change, i.e., higher 
temperatures increase denitrification. This is similar to 
our findings, in which climate change does not have a 
 
Figure 3. Baseline loading (kg ha-1 year-1) in 2005 as calculated at baseline climate (1971-2000) for (a) total nitrogen and (b) total phosphorus. 
(a) 
(b) 
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great impact on future TN loadings. Furthermore, Ar-
heimer et al. (2012) analyzed the impact of combined re-
medial measures and climate change and found out that 
future nitrogen loads would decrease due to a reduction in 
diffuse pollution from arable land. Both findings are anal-
ogous to our findings. 
Bouraoui et al. (2002) studied the catchment of the 
River Ouse in northern England. They found an increase 
of total nitrogen loadings on an annual basis, which is 
contrary to our results for the same river basin. The re-
sults of Bouraoui et al. (2002) are solely attributed to the 
impact of climate change, whereas in our study, socio-
economic and land-use changes are also part of the sce-
nario. Moreover, socio-economic and land-use changes 
cause a respective decrease in total nitrogen in the future. 
Consequently, it is necessary to investigate not only the 
impact of climate change but also the socio-economic and 
land-use changes. 
Future TN concentrations develop differently from TN 
loadings. TN loadings decrease, whereas TN concentra-
tions increase or stay the same for large areas in Europe. 
TN concentrations increase in southern Europe and west-
ern Asia in January and in the same regions including 
western Europe in July. In July, changes in concentration 
class from +1 to >3 are more pronounced than in January 
as a result of dilution effects. This is in accordance with 
Arheimer et al. (2012), who described a decrease in con-
centrations in winter due to dilution effects. In-stream 
concentrations are higher during summer when river dis-
charge is low, in particular in southern Europe. This leads 
to the conclusion that, even with reduced TN loadings, in-
stream concentrations can increase because of reduced 
river discharge. 
 
TOTAL PHOSPHORUS 
Total phosphorus loadings in 2050 show no area-wide 
changes but rather point-shaped changes. Hotspots appear 
 
Figure 4. Absolute change (kg ha-1 year-1) between the baseline and the future for the EcF scenario and IPCM-A2 climate in 2050 for (a) 
total nitrogen loading and (b) diffuse nitrogen loading. 
(a) 
(b) 
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mainly due to increases related to changes in the domestic 
and manufacturing sectors. A few spots where TP loadings 
decrease appear in southeastern Europe due to a decrease 
in scattered settlements. 
In figure 6a, the baseline in-stream concentrations are 
displayed for TP in concentration classes 1 (lowest) to 7 
(highest) (table 1). Concentrations increase from northern 
Europe to southern Europe due to the following factors. 
First, agricultural areas are less widespread in the north 
compared to southern Europe. Second, water resources in 
southern Europe are scarce due to high temperatures, and 
thus higher evaporation, as well as lower precipitation. 
Figure 6b displays the differences between the TP con-
centration classes and the baseline for the EcF 2050 sce-
nario. Changes in western and southern Europe predom-
inate, with increased concentrations and concentration 
class changes from +1 to >+3 classes. In these regions, 
some rivers feature large concentrations class changes 
(>+3) as a consequence of reduced river discharge caused 
mainly by high temperatures and, therefore, increased 
evaporation (Schneider et al., 2011). In northern and east-
ern Europe, in-stream concentrations do not change com-
pared to the baseline. 
The EcF_cb and EcF_lub simulation experiments were 
used to analyze the effect of climate change and land-use 
changes separately. Figure 7a shows the changes in con-
centration classes for TP in the EcF_cb simulation exper-
iment in 2050. The EcF_cb simulation is the same as EcF 
(fig. 6b), but the climate is kept constant to the baseline 
conditions. Our model results show hotspots in western 
Europe and western Asia. However, areas in eastern Eu-
rope and some parts in southern Europe have a negative 
change in classes of -1, which implies an improvement of 
water quality. This differs from the EcF scenario (fig. 6b), 
where little improvement in water quality occurs. It is 
apparent that a warm and dry climate has a great influence 
on the future development of in-stream concentrations. As 
demonstrated by our results, a warmer and drier climate 
leads to reduced river discharge, which in turn results in 
higher concentrations due to less dilution effect. Concen-
 
Figure 5. Absolute change (kg ha-1 year-1) in TN loading between the baseline and future for the EcF scenario and IPCM-A2 climate in 2050 for
(a) EcF_cb (baseline climate) and (b) EcF_lub (baseline land-use and IPCM4-A2 climate). 
(a) 
(b) 
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trations vary within a year, primarily due to the variation 
of river discharge, whereas the range of variation depends 
on the geographic region. Main interannual differences in 
concentrations can be found in southern parts of Europe, 
where river discharge is low during summer. Generally, 
the simulated concentrations are lowest in January and 
highest in July. 
The outcomes of the EcF_lub simulation experiment 
for TP concentration classes compared to the baseline is 
shown in figure 7b. This simulation experiment is the 
same as EcF (fig. 6b) apart from the land-use changes, 
which correspond to the baseline values. In analyzing the 
differences between EcF (fig. 6b) and EcF_lub, in some 
areas the water quality improves compared to the base-
line. However, this improvement is less evident than in 
EcF_cb, where the climate sensitivity was evaluated. This 
leads to the conclusion that land-use change affects in-
stream concentration, but the effects are not as intense as 
climate change impacts. 
Arheimer et al. (2012) found that phosphorus concen-
trations decrease slightly in winter and increase slightly in 
summer. These findings are not consistent with the results 
of our study for the basins draining into the Baltic Sea, 
where in-stream concentrations stay the same or slightly 
decrease in summer. Arheimer et al. (2012) considered 
climate change and remedial measures of STPs in order to 
estimate future concentrations. One of their main findings 
was that remedial measures are most efficient for reducing 
phosphorus. This, in turn, is in agreement with our out-
comes of slight decrease to no change, as remedial mea-
sures are analogous to socio-economic changes. 
 
 
Figure 6. In-stream TP concentration displayed by class change for (a) the baseline in July 2005 and (b) the absolute change in July in the 
2050s for the EcF scenario and IPCM4-A2 climate. 
(a) 
(b) 
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CONCLUSION 
This scenario analysis was intended to show future load-
ing and in-stream concentration of nutrients in Europe, 
which was accomplished with the model WorldQual. A de-
crease or increase in nutrient loading does not necessarily 
result in similar changes in nutrient in-stream concentrations. 
In-stream concentrations may change in the opposite direc-
tion depending on the river discharge. Future TN loadings 
are expected to decrease in southern, western, and eastern 
Europe and western Asia, but are likely to remain the same in 
most parts of northern Europe. This is mainly due to land-use 
change and improvements in land-use management. While 
climate change up to 2050 does not show large impacts on 
future TN loadings, it does show impacts on in-stream TN 
concentrations. This results from reduced river discharge. 
Future TP loadings are expected to increase primarily from 
the domestic and manufacturing sectors all over Europe. 
Apart from these two sectors, there will be no change in TP 
loadings. Between now and 2050, in-stream TP concentra-
tions are likely to increase in western and southern Europe 
and western Asia due to reduced river discharge driven by 
climate change in the form of higher temperatures leading to 
increased evaporation. Land-use change shows little influ-
ence on future in-stream TP concentrations. 
WorldQual is still in the first phase of development; 
therefore, the scenario analysis and simulation experiments 
are part of an effort to gain insight into the way the model 
works and its ability to assess scenarios. Further research 
could improve the model’s structure and expand the mod-
el’s application. This could include transfer to other geo-
graphical regions, such as North America, and adding fur-
ther water quality parameters, such as fecal coliforms. 
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Figure 7. In-stream TP concentration displayed by class change in July in the 2050s for (a) EcF_cb (baseline climate) and (b) EcF_lub (baseline 
land-use and IPCM4-A2 climate). 
(a) 
(b) 
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